Microcalorimetry was used to show that transition-temperature ranges of phospho-and glycolipids of the brown marine alga Laminaria japonica were similar (from -62 to -47 "C up to 62-65 "C), except for monogalactosyldiacylglycerol, the low-temperature limit of which was shifted to -78 "C. As was shown by polarizing microscopy, the low-enthalpy peaks at temperatures of approx. 3 0 4 5 "C corresponded to isotropic melting of galactolipids and coincided with the hightemperature limit for photosynthetic and mitochondrial activity of the algae. As a whole, a classical interrelation was observed between thermotropic behaviour and the fatty acid unsaturation of lipids.
Introduction
T h e brown macrophytic alga Laminaria japonica is very important in terms of cultivation and trade.
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It is very sensitive to environmental temperature [l] . As the change of temperature first of all influences fatty acid constituents [2-51 and, there- fore, the phase state of the biomembrane lipid matrix of poikilotherms [6-81, thermodynamic parameters of a crystal-liquid crystal-isotropic melt phase transitions of the major phosholipids and glycolipids of L. japonica and their fatty acid compositions were investigated in the present work.
Materials and methods
L . japonica, Aresch (Phaeophyta) were harvested in Possiet Bay (Sea of Japan) in August from seawater of 20 "C. Freshly collected algae were thoroughly cleaned to remove epiphytes, small invertebrates and sand particles and then heated for 2 min in boiling water to inactivate enzymes. Total lipid extracts from about 10 kg of algae were obtained according to the method of Folch et al. [9] . Crude glyco-and phospholipids were isolated from total lipid extract by column chromatography on silica gel by elution with acetone, acetone/benzene/acetic acidlwater (200: 30: 3 : 10, by vol.) and a gradient of chloroform and methanol. Then, lipids were purified by preparative silica T L C using chloroform/ methanollwater (65 : 25 : 4, by vol.). Their purity was checked by two-dimensional silica T L C .
Chromatographically pure phospholipids were solubilized in chloroform and introduced into standard aluminium pans. Vacuum-dried samples of approx. 10 mg were sealed into pans and placed in a DSM-2M differential scanning calorimeter (Puschino, Russia). Samples were either heated or cooled at 16 OC/min in a temperature range between -100 "C and 80 "C at a sensitivity of 5 mW. T h e peak in the plot of heat capacity versus temperature was recorded as the phase-transition temperature, T,;,, ; the transition enthalpy, AH, was determined from the area under the transition endotherm peak and compared with the known enthalpy of the standard (indium). T h e temperature range was calibrated by using naphthalene, mercury and indium. Temperature ranges of isotropic transitions of the same phospholipids were defined also by means of POLAM-P-312 polarizing microscopy (Russia) with a heated stage at a magnification of x 100. An anhydrous phospholipid sample was placed between glass slides and observed under linear-polarized light between crossed polarizers in heating and cooling modes. T h e initial temperature of a liquid crystalline-toisotropic phase transition was determined as the temperature at which the observed texture began to go dark; the end of phase transition, when the field was black, was also recorded. Analysis of acyl chains linked to phospho-and glyco-lipids was carried out by G L C as described by Khotimchenko [10, 11] .
Results and discussion
As shown in Figure 1 , the temperature ranges of calorimetric transitions of phosphatidylcholine (PC) and phosphatidylethanolamine (PE), isolated (-62 to 64 "C and -50 to 62 "C, respectively). But the peak maximum temperatures of phase transitons (T,,,) of these phospholipids were very different ( -9 "C and 24 "C, respectively). T h e enthalpy transition changes (AH) of PC and PE also differed significantly (36 and 12 J/g, respectively). Besides, the additional low-enthalpy endothermic peaks were observed at approx. -35 "C and 38 "C and at -30 "C and 40 "C, respectively, on the thermograms of studied phospholipids. T h e revealed thermodynamic differences may be explained by essential distinctions in the fatty acid compositions ( Table 1) .
Temperature ranges of calorimetric transitions of glycolipids, digalactosyldiacylglycerol ( D G D G ) and sulphoquinovosyldiacylglycerol (SQDG), were similar to those of phospholipids.
Interestingly, T,,, values of SQDG and PE were close (18 "C and 24 "C, respectively), which is probably due to the high contents of saturated fatty acids in both lipids. In particular, the molecular species 16 : 0/18 : 1 n -9-PE may have been formed in the cluster defining the hightemperature peak at 24 "C (Table 1) T h e thermotropic behaviour of M G D G differed from other studied lipids in terms of the lower limit of the temperature range; it was shifted to -78 "C. As a result, the main transition was sited at temperatures below 0 "C, and T,,, was -34 "C. [20] . As a whole, it is reasonable to assume that all studied lipids of L. juponica, from its photosynthetic or other membranes, are sensitive in the same temperature range, as their phasetransition temperature ranges overlapped.
It is most important that, according to the polarizing microscopy study, the calorimetric lowenthalpy peaks at approx. 25-45 "C corresponded to isotropic melting of the total sample ( M G D G and D G D G ) or part of the sample (PE, PC and SQDG) . T h e textures of the latter lipids were only partially darkened. T h e revealed isotropic transition may cause the infringement of the supramolecular membrane structure and, thereby, physiological activity (in particular of photosynthetic activity) of L. japonica, which is observed in the same critical temperature range [l] .
